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Due to reduced reproductive tolerance, current Roundup Ready cotton
only allows for over-the-top glyphosate applications through the fourth leaf stage
of development. To combat this issue, Roundup Ready Flex cotton was
introduced in 2006, offering both vegetative and reproductive tissue tolerance to
glyphosate. Roundup Ready Flex cotton offers a wider window of application
timing, without risk of plant injury.
The primary objectives of this research were to test Roundup Ready Flex
cotton against current Roundup Ready cotton technology at various application
rates and timings and to test various elite varieties of Roundup Ready Flex cotton
for glyphosate tolerance. Roundup Ready Flex cotton tolerance was unaffected
by application rates or timings. Roundup Ready Flex cotton varieties were
unaffected by glyphosate applications. Roundup Ready Flex cotton exhibits both

vegetative and reproductive tolerance to glyphosate and is an effective
alternative to current Roundup Ready cotton cropping systems.
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CHAPTER I
INTRODUCTION

In 1997, glyphosate resistant cotton became commercially available and
people realized the demand for Roundup Ready cotton when 323,750 hectares
were planted throughout the U.S. Cotton Belt (Heering et al., 1998). Glyphosate
is a broad spectrum foliar-applied herbicide that rapidly translocates from treated
foliage to metabolically active regions of roots, rhizomes, and apical meristem
(Franz, 1985; Kishore et al., 1992). Glyphosate inhibits 5-enolpyruvylshikimate-3phosphate (EPSP) synthase which produces EPSP from shikimate-3-phosphate
and phosphoenolpyruvate in the shikimic acid pathway (Vencill, 2002). This
inhibition leads to depletion of the aromatic amino acids tryptophan, tyrosine, and
phenylalanine, all needed for protein synthesis or for biosynthetic pathways
leading to growth (Vencill, 2002). Glyphosate tolerance was introduced into
cotton through the incorporation of a glyphosate-resistant 5enolpyruvylshikimate-3-phosphate synthase (CP4-EPSPS) gene cloned from
Agrobacterium sp. strain CP4 (Nida et al.,1996). Expression of the CP4-EPSPS
gene produces a glyphosate-resistant EPSPS enzyme. In the presence of
glyphosate, native EPSPS is inhibited while the mutant EPSPS allows sufficient
production of aromatic amino acids and secondary metabolites for normal plant
growth (Nida et al.,1996). Glyphosate’s broad-spectrum activity on grasses and
1

broadleaf weeds, favorable environment characteristics, rapid translocation, and
economical costs make it one of the most popular herbicides in today’s market.
Although glyphosate-resistant cotton is currently available, the labeled
topical application timing is through the fourth leaf stage of development.
Research has shown that RR cotton provides excellent vegetative and
reproductive tolerance when applied through the fifth true leaf stage (Martens et
al., 2003). However, glyphosate applied after this stage may affect boll retention,
square abscission, delay maturity, and subsequently affect yields (Ferreira et al.,
1998; Kalaher and Coble, 1998; Kalaher et al., 1997; Matthews et al., 1998,
Martens et al., 2003). Nida et al. (1996) found glyphosate resistant cotton may
exhibit less tolerance to glyphosate in the reproductive tissues when compared to
vegetative tissue. Guinn (1982), York (1997), Ferreira et al. (1998), and Brown
and Bednarz (1998) concluded boll abscission could not be linked to any single
factor but rather to many factors simultaneously. It is commonly known that
some fruit shedding will occur in cotton (Dale, 1962; Munro, 1987). These
application restrictions limit a producer’s ability to obtain adequate weed control
with glyphosate beyond the five-leaf stage without crop injury (Viator et al., 2003;
Matthews et al., 1998). Because of the restricted application intervals, many
producers can apply only one postemergence, over-the-top (POT) application of
glyphosate.
When glyphosate is applied topically after the fifth true leaf stage, the
cotton plant tends to compensate for decreased boll retention by setting more
bolls at higher nodes on the plant (Ferreira et al., 1998; Kalaher and Coble,
2

1998). When plants produce less fruit at lower nodes, they compensate and
produce fruit later in the season, which is less desirable because of an increase
in pesticide cost, labor, and harvest-ability associated with fall weather conditions
(Jenkins et al., 1990). However, under stressful growing conditions, cotton may
not be able to compensate for boll abscission on lower nodes by development of
late-season bolls. These late-season bolls are typically nonharvestable, resulting
in yield reductions (Kalaher and Coble, 1998).
Due to these limitations, new advancements have been made to provide
producers with a wider window of glyphosate application. In 2006, new cotton
varieties were released and designated as Roundup Ready Flex (RR Flex). RR
Flex technology uses a new “transformation event” (MON 88913) with a different
promoter but the same CP4 EPSPS gene to help provide vegetative and
reproductive tolerance in cotton (Monsanto, 2005). The development of RR Flex
cotton varieties has helped to broaden the POT application window and provide
improved flexibility to treat past the fifth leaf stage when wet or windy conditions
prevent earlier applications (Keeling et al., 2003). Roundup Ready Flex also has
the potential to provide growers with increased production efficiencies, less
dependence upon selective spray equipment, and the ability to tailor herbicide
applications to weed heights instead of cotton growth stage (Murdock and
Mullins, 2006). A wider window of application allows producers to apply multiple
topical applications of glyphosate, attaining season-long weed control. The 2006
label for RR Flex allowed for 5.0 kg ae/ha of glyphosate to be applied POT, with
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0.84 to 1.26 kg ae/ha allowed in any single application. Producers are able to
apply glyphosate up to 7 days before harvest.
Previous research demonstrated Roundup Ultramax applied at 1.68 kg
ae/ha and 2.52 kg ae/ha at the 3-, 6-, 10-, and 14-leaf stages, on current RR
cotton, yielded significantly less than treatments receiving a labeled application
(Martens et al., 2003). The RR Flex events demonstrated improved tolerance
with no effect on yield or fiber quality from either application rate when compared
to the untreated control within each event (Martens et al., 2003). Keeling et al.
(2003) reported similar results with the same application rates of glyphosate.
Glyphosate applied off-label to current RR cotton reduced yields between 50 and
75%, and yields in the RR Flex were unaffected by either glyphosate rate or
timings. May et al. (2004), reported RR Flex tolerance was expressed in higher
yields when glyphosate was sequentially applied topically at the 3-, 6-, 10-, and
14-leaf growth stages at 1.68 kg ae/ha and 2.52 kg ae/ha when compared to
current Roundup Ready varieties.
The objectives of the research reported in the following chapters were to
1) evaluate the effect of glyphosate applied to RR Flex cotton at various rates
and growth stages to determine if rates and timing of applications affect crop
maturity, plant development, boll retention, and crop yield, and 2) evaluate the
effects of maximum allowable loads of glyphosate on elite Roundup Ready Flex
varieties.
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CHAPTER II
COMPARATIVE TOLERANCE OF ROUNDUP READY AND ROUNDUP READY
FLEX COTTON (Gossypium hirsutum) TO GLYPHOSATE

ABSTRACT
Glyphosate cannot be applied to current Roundup Ready cotton after
emergence of the fifth true leaf. Glyphosate applied after the fifth leaf stage can
cause decreased boll retention resulting in severe yield reductions.
Recent advancements have been made to allow a wider window of
glyphosate application. Roundup Ready Flex cotton, released for commercial
use in March 2006, offers a wider window of application timing without the risk of
yield loss. The objective of this research was to determine the effect of
glyphosate rate and application timing on Roundup Ready Flex cotton yield and
fruit partitioning compared to current Roundup Ready cotton.
Studies were conducted, over a three year period (2004-2006), throughout
cotton growing regions of Mississippi. Roundup Ready (ST 4892 BG/RR) and
Roundup Ready Flex cultivars were planted and glyphosate was applied at
various rates and cotton growth stages.
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Data were collected using box mapping, a method designed to depict yield
partitioning on a cotton plant. Yields for Roundup Ready Flex were unaffected by
application timing or rate with yields not differing from the untreated check.
Yields for ST 4892 BG/RR were affected by application timings after the 6th leaf.
ST 4892 BG/RR had increased yield partitioning to position 3 bolls and upper
nodes due to later application timings of glyphosate. Increases in seed cotton
partitioned to higher nodes and outer fruiting positions were observed with ST
4892 BG/RR; however, the plant was unable to completely compensate for fruit
shed from lower fruiting sites. These results indicate that Roundup Ready Flex
cotton has excellent tolerance to late season glyphosate applications when
compared to current Roundup Ready varieties.
Nomenclature: cotton, Gossypium hirsutum L.; glyphosate
Abbreviations: kg ae/ha, kilograms of acid equivalent per hectare; fb, followed
by; ST 4892 BG/RR, Stoneville 4892 stacked with Bollgard and Roundup Ready;
GR, Glyphosate resistant

INTRODUCTION
Research for selective chemical weed control in cotton began in the late
1940’s and early 1950’s with the introduction of several herbicides such as:
dinoseb, chlorpropham, and diuron (Kohel and Lewis, 1984). Over the next half
century rapid advancements caused a dramatic shift in weed management
practices throughout the U.S. cotton producing regions. Technological

9

discoveries in the pre- and post-emergent herbicide arenas led to a dynamic
decrease in the use of in-crop tillage for weed control. One of the greatest
advancements in cotton weed control came in 1997 with the introduction of
glyphosate resistant (GR) cotton onto the commercial market. Traditionally,
weed management in cotton had relied on a combination of soil-applied
herbicides, cultivation, and post-emergence directed herbicides (Wilcut et al.,
1996). The introduction of GR cotton provided producers with greater flexibility
in timing of herbicide applications and also offered a broader spectrum of weed
control than other systems on the market (Askew and Wilcut, 1999; Culpepper
and York, 1999). With other benefits such as less reliance on tillage , reduced
herbicide costs, and minimal crop injury, glyphosate usage increased rapidly
from 700,000 to 3,870,000 kg/yr since the introduction of GR cotton in 1997
(Young, 2006).
Glyphosate is a non-selective foliar-applied herbicide that translocates
from treated foliage to metabolically active regions of roots rhizomes, and apical
meristems (Franz, 1985; Kishore et al., 1992). Glyphosate inhibits 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase in the shikimic acid pathway,
leading to depletion of aromatic amino acids tryptophan, tyrosine, and
phenylalanine (Vencill, 2002). Typical symptoms include general chlorosis,
stunting, and eventual necrosis among a wide range of grass and broadleaf
weed species. Cotton tolerance to glyphosate was achieved by cotton
modification to express a gene that encodes a glyphosate-tolerant 5-
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enolpyruvate-3-phosphate synthase from Agrobacterium sp. (CP4 EPSPS) (Nida
et al., 1996). The development of GR cotton allows for topical application of
glyphosate without risk of plant injury when applied in accordance with labeled
recommendations. The current labeled topical application timing is through the
fourth leaf stage of development. Applications after this stage are restricted to
postemergence-directed spray applications to minimize foliar contact.
GR cotton exhibits a high level of vegetative tolerance to glyphosate;
however, reproductive tissues may be less tolerant (Nida et al., 1996; Pline et al.,
2002). Monopodial limbs, or vegetative branches, begin formation at the time the
main stem begins unfolding and continues through the development of the third
or fourth true leaf (Kohel and Lewis, 1984). After this stage in the growth cycle,
development of sympodial limbs, or reproductive branches, replace monopodial
growth. This growth of sympodial limbs continues through the life cycle of the
plant. Exposing GR cotton to glyphosate after the fourth leaf stage can result in
yield reductions due to lack of reproductive tolerance (Viator, 2004). Glyphosate
applications inconsistent with label directions may affect boll retention, square
abscission, delay maturity, and subsequently result in lost yield (Ferreira et al.,
1998; Kalaher and Coble, 1998; Kalaher et al., 1997; Matthews et al. 1998,
Martens et al., 2003). When glyphosate is applied POT after the fifth true leaf
growth stage, cotton may compensate for early-season boll abscission on lower
nodes by producing more cotton at fruiting sites higher up on the plant (Ferreira
et al. 1998; Kalaher and Coble, 1998). Pline et al. (2002) attributed this boll
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abscission to lower expression of the CP4-EPSP synthase in male reproductive
tissues, resulting in altered floral morphology in GR plants and poor pollination.
Under favorable growing conditions, cotton can compensate for fruit abscission
on lower sympodia at lower nodes by setting more fruit at higher nodes (Jenkins
et al., 1990; Jones and Snipes, 1999). However, maturity will be delayed and
late-season bolls are typically nonharvestable, resulting in yield reductions
(Kalaher and Coble, 1998).
To allow greater flexibility in GR cotton programs, Monsanto released
Roundup Ready (RR) Flex cotton in 2006. RR Flex cotton exhibits both
vegetative and reproductive tolerance to glyphosate, allowing glyphosate to be
applied over the top, at any growth stage, without risk of boll abortion (May et al.,
2004). RR Flex technology uses a new “transformation event” (MON 88913) with
a different promoter but the same CP4 EPSPS gene to help provide both
vegetative and reproductive tolerance in cotton (Monsanto, 2005). RR Flex
testing began in 2001 and has shown promise to help provide growers with an
expanded window for over- the-top herbicide applications, enhanced flexibility
and convenience, increased production efficiencies, less dependence upon
selective spray equipment, and the ability to tailor herbicide applications to weed
heights instead of cotton stage of growth (Murdock and Mullins, 2006).
Previous research demonstrates no significant yield response to multiple,
topical applications of glyphosate to RR Flex (Jones et al., 2006; Martens et al.,
2003). Martens et al. (2003) showed significant yield reductions to GR cotton
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when Roundup UltraMax was applied at 1.68 kg ae/ha and 2.52 ae/ha at the 3-,
6-, 10-, and 14-leaf growth stages. Over 60% yield reductions were observed in
RR cotton when glyphosate was applied at 0.84 kg ae/ha at seven intervals from
4- to 16- leaf growth stages (Jones et al., 2006).
The objective of this research was to evaluate the effect of glyphosate
applied to RR Flex cotton at various rates and growth stages to determine if rates
and timing of applications affect crop maturity, plant development, boll retention,
and crop yield.

MATERIALS AND METHODS
Experiments were conducted during the growing seasons of 2004, 2005,
and 2006 to evaluate and compare the effects of glyphosate on Roundup Ready
and Roundup Ready Flex cotton. Locations for the experiments were chosen to
represent various growing regions throughout Mississippi. Experimental tests
were conducted at the following eight locations over the three year period:
Monsanto Research Farm, Leland, MS (2005), Delta Research and Extension
Center, Stoneville, MS (2006), 4/5 Plantation, Greenwood, MS(2005), R.R. Foil
Plant Science Research Center, Starkville, MS, (2005 and 2006), and the
BlackBelt Experiment Station, Brooksville, MS (2004, 2005, and 2006).
Experimental plot size, RR Flex varieties, and planting dates varied among
locations (Table 2.1). The experiments were established as a 3-factor factorial in
a randomized split-split-split block design. Factor A consisted of glyphosate
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rates of 0.84 kg and 1.68 kg ae/ha which represent a common X and 2X rate of
application. Factor B consisted of application timings of 3-, 3-fb 6-, 3-fb 6-fb 9-,
3-fb 6-fb 9-fb 12-leaf cotton growth stages. Factor C represented the variety.
For the 2004 and 2005 growing seasons the two varieties used were ST 4892
B/R and Mon 171 ERR(Flex). For the 2006 growing seasons the two varieties
used were ST 4892 B/R and ST 4554 B2/RF. The study also contained an
untreated check for comparison purposes. All treatments were applied with a
tractor-mounted compressed air sprayer or a CO2-pressurized backpack sprayer
delivering a volume of 169 l/ha. All plots were kept weed-free throughout the
entire growing season to prevent any weed interference. Insecticides, plant
growth regulators, and defoliants were all applied according to standard
management practices.
Data collection consisted of end-of-season box mapping. Box mapping
data were taken from a 3 m section of row as described by Jenkins et al. (1990).
When the plants were taken from each allotted section of a row, each boll was
harvested by hand, keeping each fruiting site and nodal position separate
(Jenkins et al., 1990). The number of bolls and weight of seed cotton produced
at each fruiting site were determined. Plants that had lost apical dominance were
categorized as aborted plants and seed-cotton was hand harvested from the
entire plant with no regard to position. Bolls from vegetative branches were also
separated and added to the total weight to determine total yield. The box
mapping data included total plants, total bolls, and seed cotton weight at each
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position. Yield data were analyzed by horizontal fruiting positions by calculating
the amount of yield located on sympodial branches in fruiting positions one, two,
and three. Position one represents the first position closest to the stem at each
node on a fruiting branch; position two represents position two, and position three
represents any position beyond the second position. Yields were also partitioned
vertically on the plant by combining the amount of yield located on all fruiting
sites of sympodial branches at various nodes. The vertical zones were divided
into three sections. Zone 1 represents nodes 5 to 8, zone 2 represents nodes 9
to 12, and zone 3 represent any nodes above the 12th node. The assumption
was made that cotton has a 3-day vertical and 6-day horizontal fruiting interval
(Jenkins et al.,1990). Utilizing this time interval, plants were also sectioned into
cohorts, according to maturity. Cohort positions represent the fruiting sites that
are technically the same age, for example: cohort 4 represents node 8 position 1,
node 6 position 2, and node 4 position 3. Analyzing the data in this manner
would theoretically isolate fruiting sites of similar age to determine if they were
affected by glyphosate applications. Data were analyzed through the 16th cohort.
Yield data were also collected from the remaining plants in the plots, at all
locations, using a mechanical harvester. Data were combined over
environments, analyzing environment as a random effect, and subjected to an
analysis of variance and means separated by Fisher’s protected LSD at the 0.05
level of significance.
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RESULTS AND DISCUSSION
Yield data collected for percent seed cotton partitioned in horizontal
positions, vegetative branches, and aborted plants, based on timing by variety
interaction, are displayed in Table 2.2. Roundup Ready Flex (RR) showed no
difference in percent yield partitioned in all positions among all application
timings. Stoneville 4892 (ST) showed a decrease in percent of seed cotton
partitioned in position one at the 3;6;9 and 3;6;9;12 node application timings.
Percentage of seed cotton partitioned at these timing intervals, 3:6;9 (65%) and
3;6;9;12 (55%), in position 1 indicate a decrease of 7 and 17 percentage points,
respectively, when compared to the ST 4892 weed-free untreated check (72%).
RR Flex yielded higher in position one, at all timing intervals, when compared to
ST 4892. ST 4892 showed an increase in percent yield partitioned in position
two fruiting sites when applications were made at the 3;6;9 and 3;6;9;12 node
timings. Increases with an average of 5.5 percentage points were observed with
the applications made through the 9th and 12th nodes. In the third position, ST
4892 showed an increase in percent yield partitioned at the 3;6;9;12 node
application timing. Yield partitioning increased from 7% to 11% and 19% when
applications were made at 3;6;9 and 3;6;9;12 node application timings. Percent
cotton partitioned in vegetative braches and in aborted plants exhibited no
differences among all application timings for both RR Flex and ST 4892.
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Yield data collected for percent seed cotton partitioned in vertical zones as
well as box mapping total weights (kg/ha) are displayed in Table 2.3. RR Flex
showed no differences in percent yield partitioned in all zones among all
application timings. ST 4892 showed a decrease in percent yield partitioned in
zone 1 at the 3;6;9; and 3;6;9;12 node application timings. Decreases of 7 to 8
percentage points, were observed when these application timings were
compared with the ST 4892 weed-free untreated check (35%). RR Flex
partitioned 44 to 46% of its yield in zone 1, at all timing intervals, which was
higher than that of ST 4892. RR Flex partitioned 39 to 41% of its yield in zone 2
sympodial fruiting sites. ST 4892 showed a decrease of 6 percentage points in
yield partitioned in zone 2 at the 3;6;9;12 node application timing when compared
to the ST 4892 weed-free untreated check. RR Flex partitioned 12 to 13% of its
yield in zone 3 fruiting sites. ST 4892 showed an increase in percent of cotton
partitioned in zone 3 at all application timings. Partitioning percentages of 23%
for the 3;6;9 node application timing and 31% for the 3;6;9;12 node application
timings indicate percentage point increases of 5 and 13%, respectively, when
compared to the ST 4892 weed-free untreated check. Box mapping total weights
were reflective of partitioning in positions and zones, with a decrease in total
weight observed in ST 4892 at the 3;6;9;12 node application timing. RR Flex
yields exhibited no differences among all application timings.
Yield data collected for percent of seed cotton partitioned according to
cohorts are displayed in Table 2.4. RR Flex showed no differences between
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application timings for all cohorts analyzed. No difference was observed in cohort
one for application timing or variety. In cohorts two, three, four, and five, ST
4892 showed decreases in yield at the 3:6;9 and 3;6;9;12 node application timing
when compared to the ST 4892 weed-free untreated check. RR Flex
percentages of cotton partitioned in cohorts two and three was higher at all
application timings when compared to ST 4892. No differences were observed in
cohorts six, seven, eight, and nine for application timing or variety. ST 4892
exhibited an increase in percent cotton partitioning at the 3;6;9 and 3;6;9;12 node
application timings in cohorts ten and eleven when compared to the untreated
check. An increase in percent cotton partitioning for ST 4892 was also observed
in cohort twelve for the 3;6;9;12 node application timing. ST 4892’s percent of
cotton partitioned in cohorts ten, eleven, and twelve was higher than RR Flex for
all application timings. ST 4892 exhibited higher percentages of cotton
partitioned in cohort‘s thirteen, fourteen, fifteen, and sixteen at the 3;6;9;12 node
application timings when compared to the ST 4892 weed-free untreated check.
Results from these data show that Roundup Ready cotton technology is
susceptible to glyphosate during the reproductive stages of growth when applied
beyond the labeled application timings. These data also show that if cotton
experiences fruit abortion early in the growing season, it will tend to compensate
for this loss by putting more fruit on in later growth stages if conditions are
conducive for growth. These results support the compensatory affect described
by Ferreira et al. (1998) and Kalaher and Coble (1998). However, without
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favorable growing conditions the plant may not be able to compensate for early
fruit loss, as was evident with decreased yields in the RR at late application
timings. Applications of glyphosate inconsistent with label directions can lead to
square and boll abscission and subsequent yield loss (Ferreira et al. 1998). The
data also clearly demonstrate vegetative and reproductive tolerance of RR Flex
to glyphosate. These data show that applications of glyphosate at the X and 2X
rate, show no yield reduction in RR Flex varieties across all application timings.
Yield partitioning was also unaffected in RR Flex at all application timings and
rates. These data show that RR Flex allows a wider window of application
without the risk of yield loss. This should allow the producer greater flexibility in
crop management by not restricting glyphosate applications to a narrow
application window.
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Table 2.1 Experimental Test Sites and Specifications

Year

Roundup

Roundup Ready

Plot Size

Planting Rate

Ready Variety

Flex Variety

(Width x

(seeds m-1 of

Length)m

row)

Geographic
Planting Date

Location

2005

ST 4892 B/R

MON 171 ERR

1.99 x 12.19

12.4

May 17, 2005

Delta

Stoneville, MS

2006

ST 4892 B/R

ST 4554 B2/RF

2.03 x 12.19

12.4

May 9, 2005

Delta

Greenwood, MS

2005

ST 4892 B/R

MON 171 ERR

1.99 x 12.19

12.4

May 20, 2005

Delta

Starkville, MS

2005

ST 4892 B/R

MON 171 ERR

1.99 x 12.19

12.4

May 16, 2005

Hill

Starkville, MS

2006

ST 4892 B/R

ST 4554 B2/RF

3.86 x 12.19

12.4

May 16, 2006

Hill

Brooksville, MS

2004

ST 4892 B/R

MON 171 ERR

1.99 x 12.19

12.4

May 7, 2004

Hill

Brooksville, MS

2005

ST 4892 B/R

MON 171 ERR

1.99 x 12.19

12.4

May 16, 2005

Hill

Brooksville, MS

2006

ST 4892 B/R

ST 4554 B2/RF

3.86 x 12.19

12.4

May 9. 2006

Hill
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Leland, MS

Table 2.2. Percentage of seed cotton partitioned in horizontal positions, aborted plants, and vegetative branches averaged
over rate

Application
Timing1
nodes

Percentage of total weight in each horizontal position in Roundup Ready Flex and Stoneville 4892 B/R cotton.
Position 12
Position 23
Position 34
Vegetative5
Aborted6
Flex
4892
Flex
4892
Flex
4892
Flex
4892
Flex
4892
--------------------------------------------------------------- ( % ) ----------------------------------------------------------------------------

---

78

72

15

17

5

7

2

4

0.20

0.80

3

76

70

16

18

5

10

3

3

0.16

0.18

3;6

76

70

15

18

5

9

2

3

0.38

0.42

3;6;9

76

65

16

21

5

11

3

3

0.28

0.23

3;6;9;12

77

55

15

22

5

19

2

4

0.21

0.83

24

LSD (0.05)7
4
2
3
NSD8
NSD8
Cotton growth stage (i.e. 3;6;9) indicates applications were applied sequentially at 3, 6, and 9 nodes of growth.
2
Position 1: the percentage of total seed cotton weight located at position one fruiting sites.
3
Position 2: the percentage of total seed cotton weight located at position two fruiting sites.
4
Position 3: the percentage of total seed cotton weight located at position three fruiting sites.
5
Vegetative: the percentage of total seed cotton weight on monopodial (vegetative) branches.
6
Aborted: the percentage of total seed cotton weight on aborted plants.
7
Least significant difference separated by Fishers protected LSD at 0.05 level of significance.
8
NSD No significant difference among treatments
1

Table 2.3 Percentage of seed cotton partitioned in vertical zones and total box mapping weights averaged over rate.

Application
Timing1
nodes

Percentage of total weight in vertical positions in Roundup Ready Flex and Stoneville 4892 B/R cotton.
Zone 12
Zone 23
Zone 34
Box Mapping Total Weights
Flex
4892 B/R
Flex
4892 B/R
Flex
4892 B/R
Flex
4892
B/R
---------------------------------------- ( % ) --------------------------------------------------kg seed cotton-1 hectare---

25

---

45

35

40

42

12

18

2083

1998

3

45

35

40

41

12

21

2004

1943

3;6

46

34

40

42

12

21

2043

1953

3;6;9

44

28

41

46

13

23

2119

1942

3;6;9;12

46

27

39

36

12

31

1985

1 32 6

LSD (0.05)5
4
3
3
168
Cotton growth stage (i.e. 3;6;9) indicates applications were applied sequentially at 3, 6, and 9 nodes of growth.
2
Zone 1: the percentage of total seed cotton weight located at zone one (nodes 5-8).
3
Zone 2: the percentage of total seed cotton weight located at zone two (nodes 9-12).
4
Zone3: the percentage of total seed cotton weight located at zone three (nodes 12 and above).
5
LSD: Least significant difference separated by Fishers protected LSD at 0.05 level of significance.
1

Table 2.4 Percentage of seed cotton partitioned in cohorts as affected by glyphosate application timing and variety averaged over rate.
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Nodes of Growth at Application Timing
---3
3;61
3;6;91
3;6;9;121
Variety
Variety
Variety
Variety
Variety
Cohort
Flex
ST4892
Flex
ST4892
Flex
ST4892
Flex
ST4892
Flex
ST4892
--------------------------------------------------------------------------- % ---------------------------------------------------------------------12
1.84
0.61
1.65
0.64
1.77
0.61
1.43
0.41
1.76
0.43
23
2.60
1.64
2.33
1.79
2.61
1.51
2.16
0.98
2.62
1.00
34
3.63
2.86
3.75
2.54
3.74
2.42
3.68
1.79
3.71
1.44
4.06
3.03
4.13
2.90
4.28
2.95
4.04
2.02
4.05
1.74
45
4.28
4.20
4.34
4.08
4.38
4.02
4.53
3.54
4.43
3.02
56
3.97
4.10
4.00
3.99
3.85
3.90
3.81
4.08
3.85
3.27
67
78
3.35
3.66
3.28
3.44
3.31
3.79
3.51
4.16
3.29
3.13
89
2.75
3.20
2.76
3.25
2.69
3.42
2.95
4.17
2.82
3.14
910
1.95
2.68
2.06
2.67
2.06
3.00
2.10
3.52
1.98
3.08
1011
1.55
2.05
1.43
2.11
1.40
2.30
1.50
2.65
1.41
2.93
0.92
1.43
0.79
1.77
0.81
1.54
0.95
1.87
0.88
2.23
1112
0.48
0.83
0.47
1.12
0.49
1.05
0.46
1.27
0.38
2.02
1213
0.20
0.44
0.24
0.73
0.20
0.50
0.22
0.64
0.25
1.51
1314
0.11
0.22
0.14
0.30
0.08
0.26
0.10
0.22
0.13
0.86
1415
0.04
0.10
0.06
0.17
0.02
0.08
0.05
0.10
0.06
0.43
1516
0.01
0.02
0.02
0.06
0.01
0.04
0.02
0.04
0.02
0.34
1617
1
Cotton growth stage (i.e. 3;6;9) indicates applications were applied sequentially at 3, 6, and 9 nodes of growth.
2
One: percent of total seed cotton weight of all bolls on node 5 position 1.
3
Two: percent of total seed cotton weight of all bolls on node 6 position 1.
4
Three: percent of total seed cotton weight of all bolls on node 7 position 1 + node 5 position 2.
5
Four: percent of total seed cotton weight of all bolls on node 8 position 1 + node 6 position 2.
6
Five: percent of total seed cotton weight of all bolls on node 9 position 1 + node 7 position 2 + node 5 position 3.
7
Six: percent of total seed cotton weight of all bolls on node 10 position 1 + node 8 position 2 + node 6 position 3.
8
Sevven: percent of total seed cotton weight of all bolls on node 11 position 1 + node 9 position 2 + node 7 position 3.
9
Eight: percent of total seed cotton weight of all bolls on node 12 position 1 + node 10 position 2 + node 8 position 3.
10
Nine: percent of total seed cotton weight of all bolls on node 13 position 1 + node 11 position 2 + node 9 position 3.
11
Ten: percent of total seed cotton weight of all bolls on node 14 position 1 + node 12 position 2 + node 10 position 3.
12
Eleven: percent of total seed cotton weight of all bolls on node 15 position 1 + node 13 position 2 + node 11 position 3.
13
Twelve: percent of total seed cotton weight of all bolls on node 16 position 1 + node 14 position 2 + node 12 position 3.

LSD18
NSD19
0.37
0.57
0.51
0.47
NSD19
NSD19
NSD19
NSD19
0.34
0.30
0.32
0.26
0.19
0.11
0.12

cont..
Table 2.4 cont.
14
Thirteen: percent of total seed cotton weight of all bolls on node 17 position 1 + node 15 position 2 + node 13 position 3.
15
Fourteen: percent of total seed cotton weight of all bolls on node 18 position 1 + node 16 position 2 + node 14 position 3.
16
Fifteen: percent of total seed cotton weight of all bolls on node 19 position 1 + node 17 position 2 + node 15 position 3.
17
Sixteen: percent of total seed cotton weight of all bolls on node 20 position 1 + node 18 position 2 + node 16 position 3.
18
LSD: Least significant difference separated by Fishers protected LSD at the 0.05 level of significance
19
NSD: No significant difference among treatments
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CHAPTER III
EFFECTS OF GLYPHOSATE ON ELITE ROUNDUP READY FLEX VARIETIES

ABSTRACT
Roundup Ready Flex cotton was released for commercial use in 2006.
These new cultivars provide producers with a wider window of glyphosate
application timing without the risk of yield loss. Public testing of Roundup Ready
Flex varieties began in 2005, limiting the amount of variety information available
for the 2006 growing season.
The objective of this research was to evaluate the effects of glyphosate on
elite Roundup Ready Flex varieties. Experiments were conducted during the
growing seasons of 2004 and 2005 to evaluate the tolerance of four elite
Roundup Ready Flex varieties to glyphosate. Experimental tests were
conducted at four locations throughout Mississippi over a two year period.
Varieties chosen for the study were DP 117 B2/RF, DP 143 B2/RF, ST 4554
B2/RF, and ST 6611 B2/RF. Glyphosate was applied at a labeled rate, to all
varieties, throughout the growing season.
Data were collected using box mapping, a method designed to depict yield
partitioning on a cotton plant. These data indicate that yield partitioning was
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different among varieties but was unaffected by glyphosate applications for any
variety. Lower yields were observed at the lower nodes for the DP 143 and ST
6611 varieties. These lower yields at lower nodes were compensated for in the
upper nodes where they were significantly higher than the DP 117 and ST 4554.
These data show that the four elite varieties evaluated are excellent candidates
for Roundup Ready Flex cropping systems.
Nomenclature: cotton, Gossypium hirsutum L.; glyphosate.
Abbreviations: MS, Mississippi; DP, Delta Pine and Land; ST, Stoneville; B2/RF
stacked with Bollgard II and Roundup Ready Flex

INTRODUCTION
Glyphosate resistant (GR) cotton has greatly improved grower success in
controlling problematic weed during the first four to six weeks after planting
(Jones et al., 2006). This is mainly due to glyphosate’s ease of use, low
mammalian toxicity, and broad range of control over many grass and broadleaf
weed species. The current labeled topical application timing is through the fourth
leaf stage of development. Glyphosate applied after this stage may affect boll
retention, square abscission, delay maturity, and subsequently affect yield
(Ferreira et al., 1998; Kalaher and Coble, 1998; Kalaher et al., 1997; Matthews et
al., 1998; Martens et al., 2003). These losses are attributed to the fact that, while
current RR cotton exhibits vegetative tolerance, reproductive tissues are
susceptible to glyphosate (Nida et al., 1996). Monopodial limbs, or vegetative
branches, begin formation at the time the main stem begins unfolding and
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continues through the development of the third or fourth true leaf (Kohel and
Lewis, 1984). The first sympodial (reproductive branches) usually occur at nodes
5 to 7 and continue to arise at each vertical position throughout the growing
season (Jenkins et al., 1990). Due to current label restrictions and GR cotton’s
susceptibility to glyphosate during the reproductive stage, producers are only
able to apply one over-the-top application of glyphosate, minimizing the chances
of obtaining season long weed control. Under favorable growing conditions,
cotton can compensate for fruit abscission on lower sympodia at lower nodes by
setting more fruit at higher nodes (Jenkins et al., 1990; Jones and Snipes, 1999).
However, these late-season bolls are typically non-harvestable and result in yield
reductions (Kalaher and Coble, 1998).
To combat this issue Roundup Ready (RR) Flex cotton was released in
2006. RR Flex cotton exhibits both vegetative and reproductive tolerance to
glyphosate, thus allowing glyphosate to be applied over the top, at any growth
stage, without risk of boll abortion (May et al., 2004). RR Flex technology uses a
new “transformation event” (MON 88913) with a different promoter but the same
CP4 EPSPS gene to help provide vegetative and reproductive tolerance in cotton
(Monsanto, 2005). This new technology shows promise in providing producers
with a wider window for over-the-top glyphosate applications without risk of yield
loss (Murdock and Mullins, 2006).
Round Ready Flex tolerance testing, regulatory studies, variety trials and
development of weed management recommendations began in 2001 (Murdock
and Mullins, 2006). Research in several trials has shown that RR Flex exhibits
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excellent reproductive tolerance to glyphosate (Jones et al., 2006; and Martens
et al., 2003). With data showing RR Flex tolerance to glyphosate, variety
selection becomes an integral component of cotton production systems. Jenkins
et al. (1990) reported differences in yield partitioning, in fruiting positions 1 and 2,
between early-maturing and full-season varieties. During the release of GR
technology many transgenic cultivars were offered for sale with fewer years of
public testing than most growers and advisors would like (May et al., 2006). In
the initial year of release many growers experienced yield losses due to
application of glyphosate. Variety selection should be based on multiple years of
data (Stewart et al., 2006). Flex varieties were available for public testing for the
first time in 2005, hence growers would be making selections for the 2006
growing season based on one year of data (Stewart et al., 2006).
The objective of this research was to evaluate the effects of glyphosate on
elite Roundup Ready Flex varieties.

MATERIALS AND METHODS
Experiments were conducted during the growing seasons of 2004 and
2005 to evaluate the tolerance of four elite Roundup Ready Flex commercial
varieties to glyphosate. Experimental tests were conducted at the following
locations: Greenville, MS (2005), Starkville, MS (2005 and 2006), and
Brooksville, MS (2005 and 2006). Experimental units were four rows 3.9 m wide
by 12.2 m long. Two varieties were used from both Delta Pine & Land (DP) and
Stoneville Pedigree seeds (ST). We requested that each of the varieties be on
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the two extremes in terms of maturity. In other words one should be an earlymaturing variety and the other should be a more vegetative, long-season variety.
Varieties from Delta Pine & Land included DP 117 B2RF (early maturity) and DP
143 B2RF (mid-maturity). Varieties from Stoneville Pedigree included STX 4554
B2RF (early-mid maturity) and STX 6611 B2RF (full-season maturity). All
varieties were planted at a rate of 12.4 seeds-1 row meter. The treatments were
arranged as a 2-factor factorial in a randomized complete block design. Factor A
consisted of the four RR Flex varieties. Factor B encompassed herbicide
treatments consisting of an untreated or sequential applications of 0.84 kg ae/ha
of glyphosate at the 3, 6, 9, and 12 node growth stages. All treatments were
applied with a tractor-mounted compressed-air sprayer or a CO2-pressurized
backpack sprayer delivering a volume of 169 l/ha. All plots were kept weed free
throughout the entire growing season to prevent any weed interference.
Insecticides, plant growth regulators, and defoliants were all applied according to
standard management practices.
Data collection consisted of end-of-season box mapping. Box mapping
data were taken from a 3 m section of row as described by Jenkins et al. (1990).
When the plants were taken from each allotted section of row, each boll was
harvested by hand, keeping each fruiting site and nodal position separate
(Jenkins et al., 1990). The number of bolls, weight, and cotton produced at each
fruiting site were determined. Plants that had lost apical dominance were
categorized as aborted plants and lint was hand harvested from the entire plant
without regard to position. Bolls from vegetative branches were also separated
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and added to the total weight to determine total yield. The box mapping data
included total plants, total bolls, and seed cotton weight at each position. Yield
data were analyzed by horizontal fruiting positions by calculating the amount of
yield located on sympodial branches in positions one, two, and three. Position
one represents the first position closest to the stem at each node on a fruiting
branch; position two represents position two, and position three represents any
position beyond the second position. Yield was also partitioned vertically on the
plant by combining the amount of yield located on sympodial branches at various
nodes. The vertical zones were divided into three sections. Zone 1 represents
nodes 5 to 8, zone 2 represents nodes 9 to 12, and zone 3 represents any nodes
above the 12th node. The assumption was made that cotton has a 3-day vertical
and 6-day horizontal fruiting interval (Jenkins et al. 1990). Utilizing this time
interval, plants were also sectioned into cohorts, according to maturity. Cohort
positions represent the fruiting sites that are technically the same age, for
example: cohort 4 represents node 8 position 1, node 6 position 2, and node 4
position 3. Data were analyzed through the 16th cohort.

RESULTS AND DISCUSSION
The use of glyphosate did not affect yield, nor were there any interactions
between glyphosate usage and variety. Yield data collected for percent seed
cotton partitioned in horizontal positions, vegetative branches, and aborted
plants, based on variety, are shown in Table 3.1. No significant difference (NSD)
was observed in percent yield partitioned in position one fruiting sites among
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varieties. ST 6611 showed significantly less yield partitioned in position two
fruiting sites when compared to the other varieties. No differences were
observed in percent yield partitioned in position three fruiting sites. DP 117
partitioned significantly less yield in vegetative branches when compared to the
other varieties. No differences were observed among varieties with respect to
percent cotton partitioned in aborted plants.
Yield data collected for percent seed cotton partitioned in vertical zones
and total box mapping yield (kg/ha) are displayed in Table 3.2. DP 143 and ST
6611, the late-season maturing varieties, showed significantly less cotton
partitioned in zone one, when compared to the other varieties. ST 6611 showed
less cotton partitioned in zone two when compared to the DP varieties. ST 4554
showed significantly less cotton partitioned in zone two when compared to DP
117, but did not differ from the other varieties. DP 117 and ST 4554, early
maturing varieties, showed significantly less cotton partitioned in zone three
when compared to the mid-late season varieties. There were no differences
observed from the box mapping total weights among any variety.
These data show that all four Roundup Ready Flex varieties evaluated
showed excellent tolerance to glyphosate applications. No difference was
observed between the untreated and the total 3.36 kg ae/ha glyphosate
treatments. Early maturing varieties exhibited slightly higher yield partitioning at
the lower nodes. This supports Jenkins et al. (1990) findings that nodes 6 to 8
were more important to yield in early maturing varieties. Lower yield partitioning
in the mid-late season varieties on the lower nodes were compensated for in the
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upper nodes, where these varieties were significantly higher than the early
maturing varieties. No yield reductions were observed among any of the four
varieties due to the usage of maximum allowable labeled rates of glyphosate.
These data show that the four elite varieties tested are not affected by
glyphosate applications and could provide producers with an alternative to
traditional RR cropping systems.
Furthermore these data show that the fruiting characteristics commonly
associated with early- and later- maturing varieties was unaffected by glyphosate
and are in agreement with the findings of Jenkins et al. (1990).
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Table 3.1 Percentage of seed cotton partitioned in horizontal positions, aborted plants, and vegetative branches averaged over
glyphosate applications and environments.
Variety

Position 22
Position 33
Vegetative4
Aborted5
Position 11
--------------------------------------------------------------- ( % ) --------------------------------------------------------------

DP 117

72

19

5

2.66

0.25

DP 143

71

19

5

5.21

0.36

ST 4554

70

18

5

6.87

0.05

ST 6611

73

15

5

6.23

0.57

LSD (0.05)6
NSD7
2
NSD7
2
Position 1: the percentage of total seed cotton weight located at position one fruiting sites.
2
Position 2: the percentage of total seed cotton weight located at position two fruiting sites.
3
Position 3: the percentage of total seed cotton weight located at position three fruiting sites.
4
Vegetative: the percentage of total seed cotton weight on monopodial (vegetative) branches.
5
Aborted: the percentage of total seed cotton weight on aborted plants.
6
LSD Least significant difference separated by Fishers protected LSD at 0.05 level of significance.
7
NSD: No significant difference among treatments
1

NSD7
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Table 3.2 Percentage of seed cotton partitioned in horizontal zones, aborted plants, and vegetative branches averaged over
glyphosate application and environments.
Variety
DP 117

Zone 22
Zone 33
Box Mapping Total Weights4
Zone 11
-------------------------------------------------------------- ( % ) ------------------------------------------------------------39
44
13
2583

DP 143

31

43

19

2639

ST 4554

38

41

14

2571

ST 6611

31

39

23

2530

LSD (0.05)5
4
2
3
Zone 1: the percentage of total seed cotton weight located at zone one (nodes 5-8).
2
Zone 2: the percentage of total seed cotton weight located at zone two (nodes 9-12).
3
Zone3: the percentage of total seed cotton weight located at zone three (node 12 and above).
4
Box Mapping Total Weights (kg/ha)
5
LSD: Least significant difference separated by Fishers protected LSD at 0.05 level of significance.
6
NSD: No significant difference among treatments
1

NSD6
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